Introduction {#S1}
============

Motions are inherently involved in spatial orientation and spatial representation (e.g., [@R7]). On the one hand, people use their own motion to structure the environment spatially, for example, by adjusting their body midline as a reference point to distinguish between left and right. On the other hand, perceived motion is particularly able to quickly draw attention and to activate orientation or other responses. Specifically, motion seems to have the capacity to trigger responses rapidly and involuntarily (e.g., [@R33]). The present study was concerned with the question whether vertical and horizontal motions trigger responses differently and whether daily use of different orientations, especially in reading and writing, has an influence on the processing of vertical and horizontal motions and their impact to facilitate or inhibit responses. We first describe one cognitive paradigm-- the response priming paradigm--that is well suited to investigate the influence of perceived spatially oriented motion and how these motions trigger actions. We then describe several theoretical explanations that have been developed for explaining the typical pattern resulting from response priming with masked static primes. Some of them can be applied to the results using clearly visible horizontal motions as primes. We then discuss question of processing differences for differently oriented material and possible influences of reading/writing orientations.

**Response Priming Paradigm**

Response priming (for a review see, e.g., [@R49]) as a behavioural measure assesses the effects of motor pre-activations (and/ or perceptual/semantic preactivation) from a prime event (i.e., the first stimulus, to which a subject does not have to respond) on the processing of a target event (i.e., the second stimulus, to which a subject has to respond).

Response priming has mainly been investigated using shape and colour stimuli. For example, in the study by Eimer and Schlaghecken ([@R11]), primes and targets were squares and diamonds, and the subjects' task was to quickly and accurately respond to the shape of the target (e.g., left button for squares and right button for diamonds). In these studies, reaction times (RTs) to the target are typically reduced when the preceding prime stimulus and the target are associated with the same response (i.e., primes and targets are congruent, consistent, or compatible, e.g., both are squares) compared to targets associated with a different response (i.e., primes and targets are incongruent, inconsistent, or incompatible, e.g., the prime is a square and the target is a diamond). Given specific conditions (e.g., prime not clearly visible and sufficient time between prime onset and target onset), there are faster responses to incompatible compared to compatible targets.

Bermeitinger ([@R2]) introduced a variant of response priming in which horizontally moving rows of dots were used as primes for static arrow targets to investigate pre-activations of directional (i.e., left and right) motions (there were two previous response priming studies in which circular or rotational motions were used: [@R34]; [@R45]). The time-course of compatibility effects was investigated by use of stimulus onset asynchronies (SOAs) ranging from 50 to 350 ms--SOA was varied in steps of approximately 50 ms (this is similar to the SOA manipulation in steps of 42 ms from 0 to 296 ms of [@R29]5, who investigated the time course of central and peripheral masked primes)--and an even longer SOA of 500 ms. Bermeitinger found compatibility effects (i.e., responses to incompatible targets minus responses to compatible targets) with such moving prime stimuli. The sign of the compatibility effect depended on the SOA between prime and target. In general, with an SOA of 50 ms, no compatibility effect was observed. With SOAs of 100 and 150 ms, faster reactions to compatible targets emerged (positive compatibility effects, PCEs). However, with SOAs between 250 and 500 ms, faster reactions were made to incompatible targets (negative compatibility effects, NCEs). Even with a very long SOA of 1,000 ms, an NCE was obvious ([@R6]).

This pattern appeared whether the SOA was varied between or within subjects, independently of prime duration ([@R2];[@R17]), and with forced-choice as well as free-choice tasks ([@R4]). Also, in experiments using a single moving dot as a prime (instead of a row of dots), the same pattern was found: PCEs following shorter SOAs and NCEs following longer SOAs, but with a delay in its time course; positive effects up to an SOA of 360 ms and negative effects with SOAs of 800 to 1,200 ms ([@R6]). Taken together, with horizontally moving row-of-dots primes, SOAs of approximately 150 ms reliably produce PCEs, and SOAs of approximately 360 ms reliably produce NCEs. Negative compatibility effects could be found even with very long SOAs of 1.000 and 1.200 ms. Findings to date do not provide any evidence for further reversals from NCEs to PCEs or vice versa.

Note that in classical studies on response priming, the same stimuli were used for primes and targets. In these studies, perceptual priming and response priming cannot be distinguished. However, in the current study, we used moving rows of dots as primes and static arrow targets. This was in order to reduce perceptual overlap between primes and targets. Thus, explanations in terms of perceptual overlap between prime and target are not applicable and this differentiation is not of central importance to our work.

**Explanations of Compatibility Effects**

Positive compatibility effects can be explained by motor pre-activations caused by the prime, which lead to response advantages when a compatible target appears (see especially the theory of direct parameter specification, [@R35], and extensions of it, e.g., the actiontrigger theory, [@R23];[@R27], or the rapid-chase theory, [@R50]). However, these motor pre-activations have difficulties explaining NCEs at longer SOAs. Several theories have been developed to explain the faster reactions to incompatible trials (for a review see, e.g., [@R23]), especially for masked primes. Some authors (e.g., [@R22]; [@R31]) have argued that NCEs only occur if primes and masks/targets share common features. The NCEs result either from object updating (e.g., [@R31]) or they reflect mask-induced activations that inhibit ongoing action. However, these interpretations have not held up due to the fact that NCEs were also found without such common features of mask and prime (e.g., [@R24]; [@R47]; [@R48]), and even without any mask or intervening object, for example in the case of moving primes (e.g., [@R2]).

Schlaghecken, Eimer, and colleagues (e.g., [@R46]) argued that NCEs reflect an inhibition mechanism in low-level motor control as an automatic consequence after initial response activation. As long as there is sensory evidence for an activated response, PCEs will result. Without further sensory evidence, for example, due to the introduction of the mask, early motor activation tendencies are no longer supported. Positive priming is counteracted by inhibition to prevent premature responding; this results in an NCE. Regarding NCEs with clearly visible motion primes, one might argue, in accordance with the inhibition account of Schlaghecken and Eimer ([@R47]), that rapidly and involuntarily triggered response activations--in our case, caused by perceived motion--might be inhibited very quickly if they are classified as unfounded (although there is further sensory evidence)--resulting in NCEs. This classification needs some time. Thus, for short SOAs, PCEs emerge.

Klauer and Dittrich ([@R25]) described a further supplementary mechanism contributing to PCEs versus NCEs, which is thought as acting at a more central categorization level. Some key assumptions of their evaluation window account are: (a) subjects evaluate all task relevant as well as task irrelevant incoming events across a time window with respect to the task, (b) there are separate counters accumulating incoming evidence for their respective categories, (c) subjects learn to partition the stream of incoming evidence into distinct episodes; they use one stimulus as a go signal to open the "evaluation window", (d) optimally, only evidence provided by the target is counted for the evaluation and the corresponding response, that is, the onset of the evaluation window starts to close before the target. However, to enable fast decisions in speeded reaction time tasks, the evaluation window has to be opened as fast as possible (i.e., anticipatorily). Thus, activation from the preceding context (i.e., prime) is counted as evidence for target decisions as well; (e) for decisions about stimuli belonging to one response category, changes count more and can be detected easier when starting from a lower compared to a higher level (i.e., WeberFechner law), and, in turn, (f) NCEs will result if the prime is outside the evaluation window: A prime increases the corresponding counter previously, resulting in more effort to detect further increases by a target of the same response category (i.e., compatible trials) whereas the counter of the other response category (i.e., incompatible trials) starts at a low level when the evaluation window is opened. In contrast, PCEs will result if the primes fall inside the evaluation window.

With motion primes, it seems that the onset of the target is especially unpredictable in longer SOA conditions. In short SOAs, motion primes seem to trigger the opening of the evaluation window--resulting in PCEs. In longer SOAs, however, possibly due to the longer temporal gap between prime onset and target onset, motion primes do not act as a "go signal" for opening the evaluation window--resulting in NCEs. In contrast, with static primes, the partitioning of the stream and the prediction of the target's onset seems to be easier, and the prime can act as a go signal in shorter and longer SOAs, resulting in PCEs even at longer delays.

Bermeitinger et al. ([@R3]) demonstrated that a self-inhibition mechanism in low-level motor control (e.g., [@R47]) in combination with the evaluation window account ([@R25]) is able to explain (or predict) the results with motion primes.

However, there are other mechanisms that might contribute to this pattern of results, such as attentional mechanisms. These mechanisms seem promising as the time course in some attentional paradigms mirrors the time course found for response priming using motion primes (see also [@R2]; but see [@R3]). Specifically, using Posner's ([@R40]) spatial cueing paradigm, it has been found that performance in making a saccadic or manual response to a target is typically slower on trials in which the target is presented at a previously cued location as compared to an uncued location, at least when the time interval between cue and target onset (cue target onset asynchrony; CTOA) is longer than about 200 ms (e.g., [@R18]). Such a delay in responses to targets appearing at previously cued locations, relative to uncued locations, is termed inhibition of return (IOR; [@R41]). However, at shorter CTOAs, positive cueing effects are observed. The time course of positive cueing effects and IOR shares a similar pattern to that of PCEs and NCEs with motion primes in response priming: Positive cueing effects can be found at CTOAs shorter than around 200 ms and IOR is found at CTOAs longer than around 200 ms (e.g., [@R26]), which are suggested to be caused by the "winner-take-all" competition between inhibitory mechanisms and the transient activity of exogenous orienting ([@R28]). Until now, it is unclear whether NCEs play a role in IOR and further studies are needed to better understand and distinguish the mechanisms responsible for IOR and NCEs.

**Horizontally Versus Vertically Oriented Stimuli**

Generally, we can distinguish between two spatial orientations that are of special interest when investigating the influences of spatial processing and, in turn, perceived motions--the horizontal and vertical orientations. Up to now, response priming with moving stimuli has not been done with vertically moving stimuli and there are only very few examples for response priming experiments with static material in which the vertical axis has been addressed ([@R25]). That is, it is unclear which pattern might result with vertically oriented stimuli and which theoretical explanations are appropriate for it. However, with other paradigms and/or static materials, there are several findings for differences or commonalities using vertically versus horizontally arranged stimuli.

For example, with static materials, one typical result is that spatial compatibility effects are larger with horizontal than vertical materials, an effect also called left/right prevalence when investigated with spatial compatibility tasks in which location is the to-be-classified feature of the target ([@R36], [@R37]; [@R38]). Similar patterns of results are also observed with Simon tasks, a variant of the spatial compatibility task in which the location is not task relevant ([@R36]; [@R38]; [@R43]; [@R44]; [@R55]; [@R56]), as well as in response priming with static material. There, smaller compatibility effects with vertical compared to horizontal stimuli can be detected by inspection. However, they can also be explained by other differences ([@R25]).

Some authors assume that different neural mechanisms contribute to horizontal versus vertical spatial compatibility effects (e.g., [@R55]; [@R56]). Another approach assumes that the relative salience of one of the two dimensions (vertical vs. horizontal) leads to the prevalence effects found in previous studies (e.g., [@R43]; [@R44]). Furthermore, the role of training has been discussed. Rubichi et al. ([@R43]) suggested that the distinction between left and right side is more needed in daily life and, therefore, highly trained, whereas the distinction between up and down is less important. Based on findings on the influence of learned reactions to Simon effects (e.g., [@R52]), Rubichi et al. ([@R43]) argued that the left/right prevalence is mainly driven by training. When looking at the IOR effect, there are also some findings for the influence of environmental regularities (e.g., [@R51]).

Table 1Short Overview of Current Reading/Writing Directions of Scripts in Some Languages/Countries

**Reading and Writing Orientation**

An essential spatial aspect in daily life that is closely related to learning and training is reading and writing direction (for current reading/ writing directions in some languages/countries, see Table 1). There are several studies that have examined the relationship between reading/writing orientation and spatial processing or biases. For example, Chan and Bergen ([@R9]) showed, with samples of English, Chinese, and Taiwanese subjects, that attention is drawn first to locations at which the text starts in the corresponding writing system. Spalek and Hammad ([@R51]) reported a larger IOR bias when the cue was presented on the left in English-speaking Canadians and an opposite rightto-left bias was observed in Arabic-speaking Egyptians. Fagard and Dahmen ([@R12]) compared the performance of French and Tunisian children in three visuo-spatial tasks: a line bisection task, a circledrawing task, and a dot-filling task. The results showed that the French children bisected the line to the left of the true centre (but see [@R21], for Japanese vs. English speaking adults), used increasing counter-clockwise movements when drawing circles, and filled more dots when going from left to right compared to Tunisian children, suggesting visuo-spatial behaviour might be influenced by reading and writing habits. Furthermore, preferences for directions (e.g., in pictures) are strongly related to reading/writing habits, with subjects preferring stimuli oriented (or moving) in the direction corresponding to their own writing system (e.g., [@R32], with Italian vs. Arabic subjects; [@R10], with French vs. Israeli \[Hebrew\] subjects; [@R21], with English vs. Japanese reading subjects; [@R30], with Taiwanese subjects; but see, [@R53], who found no difference between Arabic reading and English reading children). Other studies focused on differences in eye movements related to the writing system. For example, visual scanning patterns with more vertical than horizontal saccades were found in East Asian subjects, compared to Western subjects and subjects from Middle/Near East ([@R0]).

In sum, reading and writing experience--and thus culturally embedded habits--are strongly related to differences in general spatial processing. It can be assumed that the processing of motion directions-- and their impact on response activations--in our response priming task is also related to reading and writing experience. For this reason, we tested subjects from three countries to better understand the effects of environment regularities on compatibility effects: German subjects (all experiments), whose reading direction is mostly horizontally from left to right, as well as Chinese Malaysian (Experiment 3) and Japanese (Experiment 4) subjects who are also confronted with vertical reading and writing in daily life.

**The Present Study**

The current study had three main aims. The first was to examine whether response priming, previously only observed with horizontal movements, could also be observed with vertical ones. The second aim was to examine whether response priming with vertical materials showed the same time course as with horizontal ones. The third aim was to investigate whether daily training and use of different reading and writing orientations influences the pre-activations for vertical/ horizontal materials.

To investigate this influence of daily training, we examined whether the compatibility effect for vertically oriented materials would be larger for subjects who would more accustomed to reading and writing vertically (i.e., Chinese Malaysian and even more so Japanese students). When PCEs and NCEs in response priming with motion primes were influenced by training, we expected larger compatibility effects with vertical materials in Japanese and Chinese Malaysian than in German subjects, with Japanese subjects showing a larger difference compared to German subjects than Chinese Malaysian subjects because the vertical reading/writing orientation is more present in Japan and in Japanese language. As subjects from all tested countries have profound expertise and skills in horizontal reading/writing, we expected no differences for the PCEs and NCEs with horizontal materials.

Based on previous experiments, we calculated the sample sizes needed to find compatibility effects in each condition. The PCEs and NCEs with horizontal materials in Bermeitinger ([@R2]) were substantial: The PCE at SOAs of about 150 ms varied from *d*= 0.59 to 1.06 (*M*= 0.83) across experiments. The NCE at SOAs of about 350 ms varied from *d* = 0.61 to 1.05 (*M* = 0.78). With respect to the mean effect sizes, it can be stated that the compatibility effects can be detected with the probability of 1 -- β = .80 (*α* = .05, two-tailed) if one uses a sample size of at least *N*= 14 for PCEs in shorter SOAs and*N* = 15 for NCEs in longer SOAs (Power calculations were computed with G\*Power; [@R13]). Thus, we used sample sizes of*N* \> 14 in each condition of the experiments.

Experiment 1 {#S2}
============

With Experiment 1, we conducted the first experiment with vertical motions as primes. We used only vertical motions as primes and we varied the SOA within subjects. Furthermore, we made the experiment comparable in almost all other aspects to our previous experiments with horizontal motions (e.g., [@R2]). If there are comparable mechanisms and a comparable time course for the processing of horizontal and vertical motion, we expected to find a compatibility effect in the shorter SOA of 160 ms and a smaller, or even no, compatibility effect in the longer SOA of 360 ms.

**Method**

*Subjects*. In total, 70 students from the University of Hildesheim were tested. Two subjects were excluded due to technical problems during data recording. Of the remaining 68 subjects, 61 were female and 7 were male. Sixty-four subjects were right-handed, three were left-handed, and one had no handedness dominance. The median age was 20.5 years (range: 18-35 years). The subjects participated in exchange for partial course credits.

*Design*. A 3 (Motion direction: upwards, downwards, neutral) × 2 (Arrow direction: upwards, downwards) × 2 (SOA: 160 ms, 360 ms) design was used. All factors were varied within subjects, Motion direction (i.e., prime) and Arrow direction (i.e., target) trial-by-trial, SOA in a block-wise manner; and the order of SOA was counterbalanced across subjects. The present design allows prime onset to reliably predict when the target will occur.

In the tradition of priming experiments, we focused on the compatible (dots moved upwards and the arrow pointed upwards; dots moved downwards and the arrow pointed downwards) and incompatible (dots moved upwards and the arrow pointed downwards; dots moved downwards and the arrow pointed upwards) conditions. The compatibility effect was computed as the target response time difference between incompatible and compatible trials.

*Materials*. All stimuli were presented in black on a white background. The materials used in Bermeitinger ([@R2]) were rotated by 90 °. The primes were rows of 10.5, 11, or 11.5 dots; each dot was approximately 0.38 ° visual angle (0.4 cm) in diameter, the distance from one dot to the next dot was approximately 0.96 ° visual angle (1.0 cm), and the whole row measured approximately 13.78 ° visual angle (14.5 cm). Two arrows were used as target stimuli, one pointing upwards and one pointing downwards; the arrows were approximately 3.34 ° visual angle (3.5 cm) in height and 0.96 ° visual angle (1.0 cm) in width.

Figure 1Experimental design used, proceeding temporally from top to bottom. The dots moved rightwards or leftwards in the horizontal condition, and upwards or downwards in the vertical condition (in the neutral conditions, half of the dots moved rightwards/upwards, and have of the dots moved leftwards/downwards---see text). After a variable delay, a rightwards vs. leftwards (in the horizontal condition) or upwards vs. downwards (in the vertical condition) arrow to which the subjects had to make a keyboard response (times were given for Experiments 2 to 4).

The prime event started with the presentation of the row at the centre of the screen (see Figure 1). To instantiate the movement, the dots were shifted from their original position in steps of 0.16 ° visual angle (0.17 cm) upwards or downwards. After six steps, a dot had reached the original position of its neighbouring dot and the movement started again from the screen's centre (original row position). For each prime event, 11 frames were presented (i.e., there were 10 movement steps of the dots). For the compatible and incompatible conditions, the dots (i.e., the whole row) were moved upwards, or downwards. For the neutral conditions, the dots were either moved outwards (i.e., the 5.5 top dots of the row moved upwards, the 5.5 bottom dots of the row moved downwards, meaning that the central dot was split into two semicircles that drifted apart) or inwards (i.e., the 5.5 top dots of the row moved downwards, the 5.5 bottom dots of the row moved upwards, meaning that the central dot was split into two semicircles that progressively superimpose; for more details see [@R2]).

*Procedure*. Subjects were individually tested in sound-attenuated chambers. The experiment was conducted using E-Prime software (Version 2) with standard desktop computers and 17 in. CRT monitors with a refresh rate of 75 Hz. Stimulus presentation was synchronised with the vertical retrace signal of the monitor. Viewing distance was about 60 cm. Demographic data were collected at the beginning of the experiment. German instructions appeared on the screen. Subjects were instructed to quickly and accurately categorise each arrow with regard to its direction. For up and down arrows, the response keys were the + and the Enter keys on the numeric pad on which up and down arrows were pasted, and subjects were instructed to press these keys with their right index finger / right thumb, respectively. The subjects were informed that the dots were irrelevant to the task.

The sequence of each trial was as follows (see Figure 1): first, a fixation stimulus (+) appeared at the centre of the screen for 1,000 ms. It was followed by the first row of dots, which was presented for one refresh cycle (i.e., 13.33 ms). Then, the next 10 rows of dots were presented for the next 10 refresh cycles (resulting in a prime duration of overall 146.66 ms. Note that after six refresh cycles, the row sequence started again from the original row). The prime event was followed by a blank screen of 13.33 ms in the short SOA condition (160 ms), and of 213.33 ms in the long SOA condition (360 ms). The blank screen was then followed by the target. The target remained on the screen until a response was made. The inter-trial interval was 400 ms.

Each subject worked through four blocks with 36 trials each for the short as well as the long SOA condition (288 trials in total). Each block consisted of 12 compatible trials (six with dots moving upwards/ downwards, respectively), 12 incompatible trials (six with dots moving upwards/downwards, respectively), and 12 neutral trials (six with dots moving outwards and inwards, respectively); half of the trials had up arrow targets, the other half had down arrow targets. There was a short pause after each block. There was a practice phase with 12 trials before each SOA condition. The entire experiment (including instructions, practice trials, and breaks) took about 25 minutes to complete.

Before the practice phase of the first SOA and before the practice phase of the second SOA, there were short manipulations for another research question: subjects heard short pieces of music. At the beginning and end of the experiment, they were additionally queried regarding their mood. These manipulations and data were of no interest for the current study and were not presented here.

**Results**

Mean RTs were derived from correct responses. Outlying RTs that were 1.5 interquartile ranges above the third quartile with respect to the individual distribution of responses ([@R54]), above 1,500 ms, or below 200 ms were discarded. Due to these error and outlier criteria, 4.59% of all trials had to be excluded (1.61% of all due to errors) from the RT analyses. For all following analyses, if necessary (i.e., if the Mauchly's test of sphericity was significant), Greenhouse-Geisser corrected*F*, *p*, and η~p~^2  ^values are reported. Mean RTs and error rates are given in Table 2, and mean RT compatibility effects for each condition are shown in Figure 2. Effect sizes d for the compatibility effects of all experiments are given in Table 3. Analyses were conducted using IBM SPSS Statistics Version 26 ([@R20]).

*Reaction times*. Mean reaction times were examined with a repeated-measures ANOVA with the within-subjects factors of Compatibility (compatible, incompatible, neutral) and SOA (160 ms, 360 ms); adding the Order of SOAs as a factor, there were no significant effects including this factor (all *p*s \> .11). The main effect of compatibility was significant, *F*(2, 134) = 10.11, *p* \< .001, η~p~^2^ = .131; repeated contrasts showed significant differences between incompatible and neutral (p \< .001) but not between neutral and compatible trials (*p* = .219). The main effect of SOA was significant too, *F*(1, 67) = 53.05, *p* \< .001, η~p~^2^ = .442, indicating faster responses in the 360 ms SOA condition compared to the 160 ms SOA condition. Most interestingly, the main effects were qualified by a significant interaction of compatibility and SOA, *F*(2, 134) = 16.99, *p* \< .001, η~p~^2^ = .202.

Table 2Mean Response Times (*SD* in Parentheses) and Mean Error Rates (*SD* in Parentheses) of the Compatible, Incompatible, and Neutral Conditions for Each Stimulus Onset Asynchrony (160 ms, 360 ms) Condition of Experiment 1

Table 3Effect Size (*d*) for the RT Compatibility Effects of Each SOA Condition and the Horizontal and Vertical Orientation of all Samples from Experiments 1 to 4.

Therefore, we analysed the compatibility effects for each SOA separately. In the 160 ms SOA condition, there was a significant compatibility effect,*t*(67) = 5.50, *p* \< .001, but, in the 360 ms SOA condition, there was not,*p*= .82.

*Error rates*. The same ANOVA with the factors of compatibility and SOA for error rates revealed no significant main effects, both *p*s \> .15. The interaction effect also missed the criterion for significance, *p*= .06.

**Discussion**

Experiment 1 was the first experiment in which vertical motions were used as primes in a response priming study. The pattern of results mirrors previous findings with horizontally moving primes (e.g., [@R2]), showing an interaction between compatibility and SOA: In the short SOA condition, subjects responded faster to compatible than incompatible trials. In the longer SOA condition, this PCE vanished completely. However, we found no NCE in the longer SOA. Compared to some previous findings with horizontal prime motions, this result does not seem completely uncommon. For example, Bermeitinger and Hackländer ([@R4]) also found no NCE in forcedchoice trials in the longer SOA condition. Additionally, with other materials (single dots), PCEs turned into NCEs in even longer SOA conditions ([@R6]). However, the within-subjects manipulation of SOA might also have impeded the emergence of an NCE. Thus, in Experiment 2, we adapted several aspects, including a comparison to horizontal materials and an even longer SOA of 550 ms.

Experiment 2 {#S3}
============

In Experiment 1, we observed PCEs with vertically oriented materials but only with an SOA of 160 ms (i.e., there was no significant effect in the condition with an SOA of 360 ms). Because we did not include conditions in which we presented the materials horizontally, we decided to conduct a follow-up study in which we could compare response priming of vertical and horizontal motions with three different SOA conditions (between-subjects). To make the response conditions for horizontal and vertical materials as similar as possible, in the vertical condition, subjects had to respond only with their right hand (they had to use their right thumb and index finger to arrows pointing down or up, respectively). In the horizontal condition, they had to use their right index finger and middle finger to arrows pointing leftwards or rightwards, respectively. In addition, because NCEs may emerge later in response to vertical motion primes, we added a third SOA condition (550 ms).

Furthermore, to prepare the experiment for the use in Malaysia (Experiment 3) and Japan (Experiment 4), we changed two additional aspects. First, we used a refresh rate of 60 Hz (instead of 75 Hz) in anticipation of the use of flat screens in Malaysia and Japan, which slowed down the general motion velocity by prolonging the presentation time of each slide from 13.33 ms to 16.66 ms. Second, even though the sample was German, we used verbal English instructions, given via headphones, as we aimed to reduce a potential priming of the horizontal direction caused by the reading of written instructions. We used English instructions for all of our samples in Experiment 2, 3, and 4 to hold this point comparable for all samples, keeping in mind that English is not the mother tongue in these countries. One might argue that English might induce a left/right bias in our subjects. However at the Malaysian Campus, English is the language of instruction and the language present in everyday life. In Japan, the conversation (i.e., acquisition, welcoming etc.) between subjects and our experimenters was also in English. That is, these subjects would have been confronted with English in any case. In contrast, for German subjects, English and German are in the same reading/writing direction and the use of English did not induce another bias as the habitual preference. In order to keep the instructions together with the language constant (and to also keep constant the fact that English was not the mother tongue for any of our subjects), we decided to use English instructions for all subjects. To minimize the influence of spatial coding caused by the language, we used verbal instructions.

Figure 2Mean RT compatibility effects (mean RT incompatible--mean RT compatible) from the 160 and 360 ms stimulus onset asynchrony (SOA) conditions in Experiment 1 (with a German sample), only with vertically oriented materials; error bars represent the standard error of the mean (±SE); \*\*\* *p*\< .001

Due to these changes and some other experiments in which we could not observe significant NCEs (sometimes only reduced positive compatibility effects, e.g., [@R4]), we expected at least reduced compatibility effects with longer SOAs compared to the short SOA for horizontal motions. For vertical motions, based on the results of Experiment 1, we similarly expected PCEs at the short SOA and reduced or no PCEs at longer SOAs.

**Method**

*Subjects*. In total, 59 students from the University of Hildesheim were tested. We had to exclude two subjects due to being outliers regarding their mean error rates (one subject with \> 20% and one subject with \> 40% errors in the horizontal condition; overall both \> 15% errors). Of the remaining subjects, 50 were female, six were male, and one subject indicated being of "other" gender. Forty-nine subjects were righthanded, and eight were left-handed. The median age was 21 years (range: 18--34). Only one subject indicated that they spoke a language with another reading direction than German (i.e., Arabic). However, Arabic---like German---is also read and written in the horizontal orientation (but from right to left). Twenty subjects were assigned to the 150 ms SOA condition, 20 subjects to the 350 ms SOA condition, and 17 subjects to the 550 ms SOA condition. Subjects received €8 per hour for their participation or participated in exchange for partial course credits.

*Design*. A 2 (Orientation: horizontal, vertical) × 3 (Motion direction: direction 1, direction 2, neutral) × 2 (Arrow direction: direction 1, direction 2) × 3 (SOA: 150 ms, 350 ms, 550 ms) design was used. The factor of orientation was varied block-wise within subjects, with the block order counterbalanced across subjects; the factors of motion direction (i.e., prime) and arrow direction (i.e., target) were varied trial-bytrial within subjects; the factor of SOA was varied between subjects. In most previous experiments (e.g., [@R2]; [@R4]; [@R5]; [@R6]), we used a between-subjects manipulation of SOAs. We already demonstrated that the general pattern with directional motion dot primes, that is, PCEs in short and NCEs in longer SOAs, can also be found when SOA is varied within subjects ([@R2]; [@R17]). However, these effects were less stable and there might have been carry-over effects from one block (or trial) to the next. Additionally, by using vertical as well as horizontal motions (and in the following experiments, questionnaires on reading/writing direction etc.), the experiment was substantially longer compared to our standard experiments (which might result in less motivated subjects over time). Thus, in order to enhance comparison with our previous research and to reduce subjects' frustration, we again used a between-subjects manipulation of SOA.

The focus was again on compatibility of prime and target direction and the corresponding compatibility effects (separately for each orientation).

*Materials and procedure*. The same stimuli as in Experiment 1 for the vertical orientation were used. For the horizontal orientation, the same materials as in Bermeitinger ([@R2]) were used. That is, the dots moved rightwards or leftwards and the arrows pointed to the right or left (i.e., the whole materials were rotated by 90 ° compared to the vertical materials).

The procedure was similar to that of Experiment 1 with the following differences. First, the refresh rate of the monitors was 60 Hz; as a consequence, each screen was presented for 16.66 ms, and the whole prime was presented for 133.33 ms (i.e., eight refresh cycles). The prime event was followed by a blank screen of 16.66 ms in the 150 ms SOA condition, 216.66 ms in the 350 ms SOA condition, and 416.66 ms in the 550 ms SOA condition.

Second, English instructions were given verbally via headphones. Subjects were instructed to quickly and accurately categorise each arrow with regard to its direction (by pressing the right/left key with their right index finger/right middle finger for right/left arrows, respectively, or the upper/lower key with their right index finger/right thumb for up/down pointing arrows; for right and left arrows, the response keys were the 3 and 1 keys on the numeric pad, on which a right or left arrow was pasted, respectively; for up and down arrows, the response keys were the + and the Enter key on the numeric pad, on which an up or down arrow was pasted, respectively).

Third, each subject worked through four blocks of 36 trials each for the horizontal orientation and four blocks of 36 trials each for the vertical orientation (288 trials in total). Each block consisted of 12 compatible trials (six with dots moving rightwards/leftwards or upwards/downwards, respectively), 12 incompatible trials (six with dots moving rightwards/leftwards or upwards/downwards, respectively), and 12 neutral trials (six with dots moving outwards and inwards, respectively); half of the trials had right or up arrow targets, the other half had left or down arrow targets. There was a short pause after each block. Before the first experimental block of each orientation, there was a practice phase with 12 trials.

Table 4Mean Values (*SD* in Parentheses; Experiments 2 to 4) and Differences Between Samples (Experiments 3 and 4) of Subjects\' Reading and Writing Experiences Regarding Horizontal and Vertical Script Orientation.

Fourth, at the end of the experiment, demographic data, horizontal and vertical reading and writing experience, as well as language skills were assessed with a short paper-and-pencil questionnaire. Results of the questionnaire for reading/writing experience can be found in Table 4 (for this and the following experiments).

Fifth, before the response priming experiment, some subjects participated in an unrelated study with a colour classification task.

**Results**

Following to the same outlier and error criteria as in Experiment 1, separately for vertical and horizontal trials, 6.19% of all trials had to be excluded (2.32% of all due to errors) from the RT analyses. For all following analyses, if necessary (i.e., if the Mauchly's test of sphericity was significant), Greenhouse-Geisser corrected *F*, *p*, and η~p~^2^ values were reported. Mean RTs and error rates are given in Table 5, and mean RT compatibility effects for each condition are shown in Figure 3.

*Reaction times*. Mean RTs were examined with a repeated-measures ANOVA with the within-subjects factors of orientation (horizontal and vertical) and compatibility (compatible, incompatible, neutral) and the between-subjects factor of SOA (150 ms, 350 ms, 550 ms); adding the order of orientation as a factor, there were no significant effects including this factor (all *ps*\> .08), indicating that no order effects were present in the experiment. The main effect of SOA was significant, *F*(2, 54) = 3.47, *p* = .038, η~p~^2^ = .114, indicating faster responses in the 550 ms SOA condition compared to the 150 ms SOA condition (post-hoc test with Bonferroni correction, *p* = .034; RTs in the 550 ms and 350 ms SOA condition as well as in the 150 ms and 350 ms SOA condition did not differ significantly, *ps* \> .32). The main effect of orientation was also significant, *F*(1, 54) = 92.33, *p* \< .001, η~p~^2^= .631, indicating faster responses in the horizontal compared to the vertical condition. Furthermore, there was a significant main effect of compatibility, *F*(2, 108) = 17.97, *p* \< .001, η~p~^2^ = .250; repeated contrasts showed significant differences between incompatible and neutral trials (*p* \< .001) as well as between neutral and compatible trials (*p* = .015). Most interestingly, this main effect was qualified by a significant interaction of compatibility and SOA, *F*(4, 108) = 6.89, *p* \< .001, η~p~^2^= .203 (there were no additional significant interactions, all *p*s \> .26).

Therefore, we analysed the compatibility effects (for the sake of completeness for the horizontal as well as the vertical orientation) for each SOA separately. In the 150 ms SOA condition, there was a significant compatibility effect in the horizontal orientation,*t*(19) = 6.02, *p*\< .001, as well as the vertical orientation, *t*(19) = 5.12, *p*\< .001. In the 350 ms as well as the 550 ms SOA condition, there were no significant compatibility effects with any orientation, all *ps* \> .13. In each SOA condition, differences between the compatibility effects in the horizontal and vertical orientations were not significant (all *p*s \> .11).

*Error rates*. A similar ANOVA with the factors of orientation, compatibility, and SOA for error rates revealed a significant main effect of compatibility, *F*(2, 108) = 6.97,*p* = .002, η~p~^2^ = .114, which was qualified by a significant interaction of Compatibility and SOA, *F*(4, 108) = 4.08, *p* = .004, η~p~^2^= .131. All other main or interaction effects were not significant, all *ps*\> .09. In the 150 ms SOA condition, there were significant compatibility effects for the horizontal orientation, *t*(19) = 2.98, *p*= .008, as well as the vertical orientation, *t*(19) = 2.40, *p* = .027. In the other SOA conditions, there was only a significant compatibility effect for the vertical orientation in the 550 ms SOA condition,*t*(16) = 2.38, *p*= .030 (all other compatibility effects were not significant, all *p*s \> .48).

Table 5Mean Response Times (*SD* in Parentheses) and Mean Error Rates (SD in Parentheses) of the Compatible, Incompatible, and Neutral Conditions for Each Stimulus Onset Asynchrony (150 ms, 350 ms, 550 ms) and Each Orientation (Horizontal, Vertical) Condition of Experiment 2.

**Discussion**

The second experiment compared the effect of horizontal and vertical motion primes in a follow-up experiment with German subjects. The subjects responded overall faster to trials in which the motion primes were horizontal, but there was no interaction between orientation and compatibility. The difference between compatible trials and incompatible trials was not larger for horizontal motion primes.

However, there was an interaction between compatibility and SOA. Mirroring Experiment 1 with vertical motion primes and some previous findings with horizontal motion primes (e.g., [@R2]; [@R6]), both directions showed a decrease in compatibility effects as the time between the prime and target increased. For the horizontal motions, we observed a PCE at the shortest SOA of 150 ms, but this response advantage disappeared at longer SOAs of 350 and 550 ms. For the vertical motions, we observed PCEs at every SOA, but this response advantage was smaller at longer SOAs.

It might seem unexpected that we did not find significant NCEs even with horizontal materials, but, as already presented above, there are some previous findings showing that NCEs are not always present or significant at longer SOAs (e.g., [@R4]). However, the general pattern with the interaction of compatibility and SOA--and sharply reduced effects at longer SOAs--was clearly obvious and seems reliable. On the other hand, we made some changes (e.g., the presentation durations) that also could have led to the absence of NCEs at longer SOAs.

Overall, we can conclude that response priming with horizontal as well as vertical motion primes and the given changes (i.e., 60 instead of 75 Hz, English instructions, response with one hand) is working, and that we could use the task for the subsequent experiments comparing subjects from different countries to investigate the influence of culturally embedded habits regarding reading/writing orientation and perceptual preferences.

Experiment 3 {#S4}
============

In Experiment 3, we used vertical and horizontal motions as primes in four SOA conditions (150 ms, 350 ms, 550 ms, and 750 ms). The longest SOA of 750 ms was added to better capture the time course of compatibility effects. Additionally, we never used this SOA with row-of-dots primes before and wanted to investigate the further development of PCEs or NCEs. Further, we did not find any NCEs with vertical motions and no NCEs with flatscreens up to an SOA of 550 ms (see the experiments above). Therefore, we wanted to use an even longer SOA in order to make it even more probable to find an NCE. We tested subjects from Germany and Malaysia to investigate samples that differed in their reading and writing experiences. In Malaysia, there are three common ethnicities. Whereas the majority is Malay, there are substantial minorities of Malaysians with either a Chinese or an Indian background. Chinese Malaysians are typically confronted also with Mandarin, Cantonese and/or Hokkien language. These Chinese languages can be written in a vertical orientation.

Figure 3Mean RT compatibility effects (mean RT incompatible--mean RT compatible) from the 150, 350, and 550 ms SOA condition in Experiment 2 (with a German sample), separately depicted for the horizontal and vertical orientation; error bars represent the standard error of the mean (±SE); \*\*\* *p* \< .001

Table 6Mean Response Times (***SD*** in Parentheses) and Mean Error Rates (*SD* in Parentheses) of the Compatible, Incompatible, and Neutral Conditions for Each Country (Germany, Malaysia), Each Stimulus Onset Asynchrony (150 ms, 350 ms, 550 ms, 750 ms) and Each Orientation (Horizontal, Vertical) Condition of Experiment 3.

Thus, we examined whether compatibility effects are influenced by reading/writing experiences, especially whether compatibility effects with vertically oriented materials differ between the German and Chinese Malaysian sample. Besides smaller PCEs at longer SOAs, we expected the following pattern: More reading/writing experiences with the vertical orientation in the Chinese Malaysian sample should led to overall faster processing of vertical stimuli and to more pronounced pre-activations of corresponding responses. Thus, overall, Malaysian subjects might show larger compatibility effects with vertical materials than German subjects (or at least an altered relative difference between vertical and horizontal compatibility effects compared to German subjects).

**Method**

*Subjects*. Eighty students from the University of Hildesheim, Germany (66 female, 14 male; 66 right-handed, 11 left-handed, three with no handedness dominance; median age = 22 years, range: 19-52; nSOA 150 ms = 21, nSOA 350 ms = 20, nSOA 550 ms = 19, nSOA 750 ms = 20), as well as 89 students with a Chinese background from the University of Nottingham Malaysia, Malaysia (56 female, 33 male; 78 right-handed, 11 left-handed; median age = 21 years, range: 18 to 29; nSOA 150 ms = 22, nSOA 350 ms = 23, nSOA 550 ms = 22, nSOA 750 ms = 22), were tested for this experiment. German subjects received either €6 Euro or partial course credits for their participation, whereas Malaysian subjects received RM5. Originally, we tested more subjects, who were not included here, as their experiment was ran with 50 Hz refresh rate instead of 60 Hz. These subjects were included in another experiment in which we used 50 Hz for all subjects.

Figure 4Mean RT compatibility effects (mean RT incompatible -- mean RT compatible) from the 150, 350, 550, and 750 ms SOA conditions in Experiment 3 for the German and Chinese Malaysian sample, separately depicted for the horizontal and vertical orientation; error bars represent the standard error of the mean (± SE); \*\*\* *p* \< .001, \*\* *p* \< .01, \**p* \< .05

Only five German subjects indicated that they spoke any language with another reading direction than German (three subjects spoke a language with horizontal orientation from right to left: two Arabic and one Farsi; only two subjects spoke a language that is or can be vertically oriented: one Chinese and one Vietnamese). Only three Chinese Malaysian subjects indicated not speaking any language that is or can be written in a vertical orientation. However, 25 Chinese Malaysian subjects never read/wrote in vertical orientation in their daily life. All Chinese Malaysian subjects spoke at least one language exclusively written in horizontal orientation (most often English and/or Malay).

*Design, material, and procedure*. The same design, materials, and procedure were used as in Experiment 2, with the following changes. First, the factor of country (Germany, Malaysia) was added. Second, the factor of SOA now was varied on four levels: 150 ms, 350 ms, 550 ms, and 750 ms. Third, we used either laptop or desktop computers for the German versus Malaysian sample, respectively, both with flat screen monitors. German subjects were tested either in the laboratory or at other areas in the university, whereas Malaysian subjects were tested in the laboratory. Additionally, to prevent further priming of a left-right oriented reading, all keys of the keyboard with the exception of the response keys were covered with white paper or tape.

**Results**

The same error and outlier criteria were applied as in the previous experiments. Due to these criteria, 5.66% of all trials had to be excluded (1.42% of all due to errors) from the RT analyses. For all following analyses, if necessary (i.e., if the Mauchly's test of sphericity was significant), Greenhouse-Geisser corrected *F*,*p*, andη~p~^2^ values are reported. Mean RTs and error rates are given in Table 6, and mean RT compatibility effects for each condition are shown in Figure 4.

*Reaction times*. Mean RTs were subjected to a repeated-measures ANOVA with within-subjects factors of orientation (horizontal, vertical) and compatibility (compatible, incompatible, neutral), and between-subjects factors of SOA (150 ms, 350 ms, 550 ms, 750 ms) and country (Germany, Malaysia). Adding the order of orientation as a factor, there were two significant interactions: orientation × compatibility × order of orientation, *F*(2, 306) = 5.75, *p* = .004, η~p~^2^= .036, and orientation × compatibility × SOA × order of orientation, *F*(6, 306) = 2.79, *p*= .013,η~p~^2^ = .052 (all other effects including order of orientation were not significant, *p*s\> .16).

The main effect of SOA was significant, *F*(3, 161) = 4.98, *p* = .002, η~p~^2^= .085, indicating faster responses in the 150 ms SOA condition compared to the 350 ms SOA condition (post-hoc test with Bonferroni correction, *p* = .001; all other SOA conditions did not differ significantly, *ps*\> .10). Furthermore, the main effect of orientation was significant, *F*(1, 161) = 159.11, *p*\< .001, η~p~^2^ = .497, indicating faster responses in the horizontal compared to the vertical condition. There was also a significant main effect of compatibility, *F*(2, 322) = 55.59,*p* \< .001, η~p~^2^ = .257; repeated contrasts showed significant differences between incompatible and neutral trials (*p* \< .001) as well as between neutral and compatible trials (*p* \< .001). These main effects were qualified by significant interactions of orientation and country, *F*(1, 161) = 20.28, *p*\< .001, η~p~^2^ = .112 (indicating a larger RT difference between horizontal and vertical oriented materials in the Malaysian sample compared to the German sample), as well as of compatibility and SOA, *F*(6, 322) = 15.02, *p*\< .001, η~p~^2^ = .219, and by an almost significant interaction of orientation, country, and SOA, *F*(3, 161) = 2.58, *p* = .055, η~p~^2^= .046. The main effect of country and all other interaction effects were not significant, all *p*s\> .13.

Thus, we analysed the compatibility effects further with a univariate ANOVA with the between-subjects factor of SOA. The analyses revealed a significant intercept, *F*(1, 165) = 74.89, *p* \< .001,η~p~^2^ = .312 (indicating overall a significant compatibility effect with faster responses in compatible than incompatible trials) and a significant main effect of SOA, *F*(3, 165) = 18.64, *p* \< .001, η~p~^2^ = .253. Post-hoc tests (multiple comparisons) showed that the compatibility effect in the 150 ms SOA condition differed from the compatibility effects in the other SOA conditions (all *ps* \< .001), and that all other compatibility effects did not differ significantly (all *p*s\> .21).

*Error rates*. The same ANOVA with the factors of orientation, compatibility, SOA, and Country for error rates revealed a significant main effect of orientation, *F*(1, 161) = 5.75, *p* = .018, η~p~^2^ = .034 (indicating more errors for vertically than horizontally oriented materials), a significant main effect of compatibility, *F*(2, 322) = 5.74, *p*= .005, η~p~^2^ = .034 (repeated contrasts showed significant differences between incompatible and neutral trials, *p* = .011, but not between neutral and compatible trials, *p* = .65), and a significant main effect of country, *F*(1, 116) = 7.07, *p* = .009, η~p~^2^ = .042 (indicating less errors in the Malaysian than the German sample). The main effect of SOA and all other interaction effects were not significant, all *p*s \> .16.

**Discussion**

In Experiment 3, we compared Malaysian and German subjects in four different SOA levels with horizontal as well as vertical motion primes in a response priming experiment. We found no significant differences in compatibility effects between the vertical and horizontal orientation, and between samples (with numerically larger PCEs in SOAs of 350 ms, 550 ms, and 750 ms in the Malaysian sample). However, we found strong differences between the shortest (i.e., 150 ms) and longer (i.e., 350 ms, 550 ms, 750 ms) SOA conditions: Subjects showed large PCEs in the short SOA, and smaller or no compatibility effects in the longer SOA conditions.

Table 7Mean Response Times (*SD* in Parentheses) and Mean Error Rates (***SD*** in Parentheses) of the Compatible, Incompatible, and Neutral Conditions for Each Country (Germany, Japan), Each Stimulus Onset Asynchrony (150 ms, 350 ms) and Each Orientation (Horizontal, Vertical) Condition of Experiment 4.

The general pattern in this experiment seems to be highly comparable to the typical pattern---PCEs at short SOAs and sharply reduced (or even negative) compatibility effects at longer SOAs---found in Experiments 1 and 2 as well as in previous work (e.g., [@R2]; [@R4]; [@R6]), without significant differences between German and Malaysian subjects. When looking at the simple effects, it is, however, remarkable that Malaysian subjects showed in seven out of eight cases significant PCEs, whereas the German sample had significant compatibility effects in only three out of eight cases. Before we discuss the results of Experiment 3 in more detail, we first test another sample (Experiment 4) and then conduct a combined analysis.

Experiment 4 {#S5}
============

In Experiment 4, we tested a sample from another country in which vertically reading/writing orientation is even more present than in Malaysia. Thus, in Experiment 4, we contrasted a German sample with a sample from Japan. Again, we used vertical and horizontal motions as primes, now in two different SOA conditions (150 ms and 350 ms). Because we did not find compatibility effects at longer SOAs (550 ms and 750 ms), we did not include these SOA conditions in Experiment 4 and fewer subjects were needed. Due to more reading/writing experiences in the vertical direction, we expected larger pre-activations (and thus compatibility effects) with vertical materials in Japanese compared to German subjects).

**Method**

*Subjects*. Thirty-eight students from the University of Hildesheim, Germany, participated in the experiment (two further subjects aborted the experiment because they recognised their previous participation in a similar experiment). We had to exclude two subjects due to being outliers regarding their mean error rates (\> 10% errors). There were 36 remaining subjects in the German sample (29 female, five male, one "other" gender, one missing value; 32 right-handed, 3 left-handed, one with no handedness dominance; median age = 20 years, range: 18-52; nSOA 150 ms = 20, nSOA 350 ms = 16).

Figure 5Mean RT compatibility effects (mean RT incompatible--mean RT compatible) from the 150 and 350 ms Stimulus onset asynchrony conditions in Experiment 4 for the German and Japanese sample, separately depicted for the horizontal and vertical orientation; error bars represent the standard error of the mean (±SE); \*\*\* *p* \< .001, \*\* *p* \< .01, \* *p* \< .05

Forty-three students from the Dokkyo University, Tokyo, Japan, were also tested for this experiment. We had to exclude two subjects due to technical problems during data recording and three subjects due to being outliers regarding their mean error rates (\> 10% errors). There were 38 remaining subjects in the Japanese sample (25 female, 13 male; all right-handed; median age = 20 years, range: 18-43; nSOA 150 ms = 20, nSOA 350 ms = 18).

Only one German subject indicated that they spoke any language with another reading direction than German (i.e., Arabic, with a horizontal orientation from right to left). Only four Japanese subjects indicated that they never read/write in vertical orientation in their daily life; all Japanese subjects indicated that they spoke at least one language that is written in a horizontal orientation (most often English and/or German). German subjects received partial course credits for their participation, whereas Japanese subjects received a small present.

*Design, material, and procedure*. The same design, materials, and procedure were used as in Experiment 3, with the following changes. First, we tested German versus Japanese subjects. Second, the factor of SOA now was varied on two levels: 150 ms and 350 ms. Third, we used the same laptop computers for the German and the Japanese samples. The German subjects were tested either in the laboratory or in seminar rooms or waiting areas at the university; the Japanese subjects were tested outside the laboratory in either seminar rooms or waiting areas at the university.

**Results**

The same error and outlier criteria were applied as in the previous experiments. Due to these criteria, 6.41% of all trials had to be excluded (2.25% of all due to errors) from the RT analyses. For all following analyses, if necessary (i.e., if the Mauchly's test of sphericity was significant), Greenhouse-Geisser corrected *F*, *p*, and η~p~^2^ values are reported. Mean RTs and error rates are given in Table 7, and mean RT compatibility effects for each condition are shown in Figure 5.

*Reaction time*. Mean RTs were examined with a repeated-measures ANOVA with the within-subjects factors of orientation (horizontal, vertical) and compatibility (compatible, incompatible, neutral), and the betweensubjects factors of SOA (150 ms, 350 ms) and Country (Germany, Japan). Adding the Order of orientation as a factor, there were three significant interactions: compatibility × order of orientation,*F*(2, 132) = 6.00, *p* = .010, η~p~^2^ = .083, orientation × compatibility × order of orientation, *F*(2, 132) = 5.87,*p* = .011, η~p~^2^ = .082, and compatibility × SOA × country × order of orientation,*F*(2, 132) = 7.154,*p* = .002, η~p~^2^ = .098 (all other effects including order of orientation were not significant, *p*s \> .08).

The main effect of orientation was significant, *F*(1, 70) = 46.17,*p* \< .001, η~p~^2^ = .397, indicating faster responses in the horizontal compared to the vertical condition. Additionally, there was a significant main effect of compatibility, *F*(2, 140) = 59.48,*p* \< .001, η~p~^2^ = .459; repeated contrasts showed significant differences between incompatible and neutral trials (*p* \< .001) as well as between neutral and compatible trials (*p* \< .001). These main effects were qualified by a significant interaction of orientation, compatibility, and SOA, *F*(2, 140) = 3.87, *p* = .023, η~p~^2^= .052, and by an almost significant interaction of orientation, compatibility, and country, *F*(2, 140) = 2.83,*p* = .073, η~p~^2^ = .039. The main effects of SOA and country and all other interaction effects were not significant, *p*s \> .11.

To clarify these interactions, we conducted separate ANOVAs with the factors of orientation and country for each SOA with compatibility effects as the dependent variable. For the 150 ms SOA condition, there was a significant intercept, *F*(1, 38) = 80.44, *p* \< .001, η~p~^2^ = .679, indicating an overall, significant compatibility effect with faster responses in compatible than incompatible trials; the horizontal as well as the vertical compatibility effect were significant, *t*(39) = 7.97,*p* \< .001, and *t*(39) = 5.98,*p* \< .001, respectively. Furthermore, there was a significant main effect of orientation,*F*(1, 38) = 7.16, *p* = .011, η~p~^2^ = .159, indicating a larger horizontal than vertical compatibility effect. All other effects were not significant, *p* \> .40. For the 350 ms SOA condition, there was only a significant intercept, *F*(1, 32) = 14.48, *p* = .001, η~p~^2^= .311, indicating overall a significant compatibility effect with faster responses in compatible than incompatible trials; the horizontal as well as the vertical compatibility effect were equally pronounced and both significant, *t*(33) = 3.00, *p*= .005, and *t*(33) = 3.72, *p* \< .001, respectively.

**Discussion**

In Experiment 4, we compared Japanese and German subjects in two SOA conditions with horizontal as well as vertical motion primes in a response priming experiment. In the short SOA condition, we found larger horizontal than vertical PCEs in both samples. In the longer SOA condition, we found reduced, but nevertheless positive compatibility effects--most pronounced with vertical materials in the Japanese sample (but not significantly differing from the German sample and not differing from the horizontal orientation). The reduced compatibility effects (driven by the German sample) in the longer SOA matched our expectations, based on previous studies (see above). Before interpreting our results, especially in terms of reading/writing experience, we corroborate our results by presenting a combined analysis of Experiments 2 to 4.

Combined Analyses {#S6}
=================

Given the similarities across Experiments 2, 3, and 4, we decided to combine the data to allow for a more comprehensive analysis. To combine the data, we collapsed three SOA levels (350 ms, 550 ms, and 750 ms) to one SOA level (i.e., longer SOAs). Then, we performed a repeated-measures ANOVA for compatibility effects with country (Germany, Malaysia, Japan) and SOA (short SOA, longer SOAs) as between-subjects variables and orientation (horizontal, vertical) as within-subjects variable. 

This ANOVA revealed a significant intercept, *F*(1, 296) = 181.85, *p* \< .001, η~p~^2^ = .381, indicating faster responses to compatible than incompatible trials. The main effect of SOA was significant as well, *F*(1, 296) = 23.25, *p* \< .001, η~p~^2^ = .073: there were larger compatibility effects in the short compared to the longer SOA conditions. This main effect was qualified by significant interactions of orientation and SOA, *F*(1, 296) = 11.13, *p* = .001, η~p~^2^ = .036, as well as country and SOA, *F*(2, 296) = 4.14, *p* = .017, η~p~^2^ = .027. All other effects were not significant, *p*s \> .13.

To clarify these interactions, we first tested the compatibility effects for the horizontal versus vertical orientation against each other, separately for the SOA levels. There were larger horizontal (*M* = 21 ms, SE = 1.69, *t*\[102\] = 12.49, *p* \< .001) than vertical (*M* = 16 ms, *SE* = 1.59, t\[102\] = 9.88,*p* \< .001) compatibility effects in the short SOA condition, *t*(102) = 2.65, *p* = .009, and larger vertical (*M* = 7 ms, *SE* = 1.21, *t*\[198\] = 5.75, *p* \< .001) than horizontal (*M* = 4 ms, *SE* = 1.15,*t*\[198\] = 3.82, *p* \< .001) compatibility effects in the longer SOA conditions,*t*(198) = 2.05, *p* = .042.

Second, we tested the compatibility effects from the subjects of the three countries against each other, separately for each SOA. The compatibility effects of the German and Malaysian sample did not differ significantly, neither in the short nor in the longer SOAs, *p*s \> .38. Furthermore, there were no differences in the short SOA condition between the German and the Japanese samples as well as between the Malaysian and Japanese samples,*p*s \> .51. In the longer SOA condition, however, there were significantly larger compatibility effects in the Japanese sample compared to the German,*t*(130) = 3.03, *p* = .003, as well as to the Malaysian sample, *t*(83) = 3.14, *p* = .002.

General Discussion {#S7}
==================

In the present study, we tested subjects from three different countries (Experiments 1 to 4: Germany, Experiment 3: Malaysia, Experiment 4: Japan) in response priming experiments using vertically and/or horizontally moving primes and static arrow targets. We used four different SOAs between prime and target: 150/160 ms (Experiments 1 to 4), 350/360 ms (Experiments 1 to 4), 550 ms (Experiments 2 and 3), and 750 ms (Experiment 3). Overall, we could replicate the general pattern of results observed in previous research with motion primes in response priming (e.g., [@R2])---we found pronounced PCEs with short SOAs and reduced or no compatibility effects with longer SOAs. In the present study, however, we found no evidence for NCEs, not even with horizontally moving primes and long SOAs of 550 or 750 ms. The lack of NCEs might be explained by the use of different equipment--especially compared to our previous experiments--and motion times (e.g., other refresh rates resulting in longer presentation times of each single slide). Positive compatibility effects are generally much more stable and they can be expected irrespective of mechanisms possibly influenced by differences in the presentation parameters of the screens. Therefore, it seems not unusual that we found the typical PCEs in short SOAs.

The present study had three aims. The first aim was to examine whether response priming, previously observed with horizontal movements (e.g., [@R2]), could also be observed with vertical movements. Across all four experiments, we found compatibility effects in vertically oriented materials where subjects responded faster to targets if they were primed in the same direction.

The second aim of the present study was to examine whether response priming with vertical materials showed the same time course as response priming with horizontal materials. In general, it seems that the compatibility effect was larger for horizontally oriented materials at short SOAs and larger for vertically oriented materials at longer SOAs. Although we observed a similar pattern with larger PCEs at short SOAs and smaller or no PCEs at longer SOAs, there were some differences with the results of previous studies.

Especially with vertical motions, but even with horizontal motions (e.g., the Malaysian sample in Experiment 3), there seemed to be a rebound effect--after PCEs with short SOAs, compatibility effects were reduced to zero in medium-sized SOAs, and with long SOAs (especially 750 ms, see Experiment 3), there were again PCEs. This finding is in contrast to previous studies with horizontal motions which (most often) found NCEs with longer SOAs (e.g., [@R2]; [@R6]; but see e.g., [@R4]). In the current study, the PCEs in short SOA conditions seem to reflect automatic pre-activations, whereas the PCEs with the longest SOAs could be explained by expectancy-based theories (e.g., [@R1], on semantic priming). These accounts assume that subjects use the prime to generate a set of potential targets related to the prime. Responses that are included within this expectancy set are faster recognised than responses that are not included. This process is most often assumed as being relatively slow acting (compared to fast acting motor pre-activations), under strategic control, and requiring the subject's awareness and/or intention.

The third aim of the present study was to examine the influence of experience, training, and/or use of different orientations in daily life on the pre-activations for vertical/horizontal materials. More specifically, we tested whether the compatibility effect for vertically oriented materials would be larger for subjects who would be more accustomed to read and/or write vertically (i.e., Chinese Malaysian and Japanese students). We could confirm that there were differences in reading/writing experience between the German sample and both other samples (especially the frequency of reading vertically and the time reading/ writing vertically differed as expected, see Table 4). However, we found no overall differences in compatibility effects between the German and Malaysian subjects. In contrast, there were larger PCEs in the Japanese subjects (compared to German and Malaysian subjects) in the longer SOA condition (overall for vertical as well as horizontal stimuli) but not in the short SOA condition. There were no other substantial differences between the subjects from the three countries. This finding seems to reflect a generally higher pre-activation by motion or prime stimuli in the Japanese sample, but it cannot properly be interpreted in terms of facilitation due to differences in reading/writing experience. In general, we should not over-interpret this finding due to several reasons. First, the Japanese sample was tested in only two SOA conditions (150 and 350 ms). Perhaps, more pronounced differences may appear at longer SOAs. Second, it also must be noted that the subjects in Experiments 2 to 4 received verbal instructions recorded in English (rather than in German, Chinese, or Japanese). Perhaps differences may emerge when (verbal) instructions are presented in the subjects' native language and/or in another manner that reduces (left/right or up/down) biases due to the instruction language.

Although we see our results not as strong evidence for cultural influence on the processing of motions or on the pre-activation for vertical/horizontal material, it might be fruitful to integrate them with the findings regarding cultural or linguistic influences on visual attention. For example, there is evidence that people from East Asian cultures attend more and earlier to the context and to the relationship between several stimuli compared to people from Western cultures. Further, they have more problems ignoring irrelevant context information. Overall, this leads to a holistic perception (for a review see [@R39]). This might also explain the overall larger compatibility effects in our Japanese sample compared to our German sample: the Japanese subjects especially might attend to the context (i.e., the prime) more than the German subjects, and they might integrate the primes more to the whole scene including the response-relevant object (i.e., the target) compared to the German subjects.

**Theoretical Implications**

Our overall result of larger horizontal than vertical compatibility effects fits well with findings from other experiments using static stimuli and/or other paradigms showing the so-called left/right prevalence (e.g., [@R25]; [@R36], [@R37]; [@R38]; [@R43]; [@R44]; [@R55]; [@R56]). This difference was, however, only obvious in the short SOA condition. In the longer SOA conditions, the compatibility effects with vertical materials were equally pronounced or even larger than the compatibility effects with horizontal materials, independent of country/sample. These findings seem to suggest that fast (and possibly automatic) activation processes are still faster with horizontal than vertical materials, but when time-consuming processes come into play, responses to vertical materials are more strongly influenced.

As there were no large differences between the samples, the results cannot be explained by the role of training of the left-right versus updown orientation ([@R43]; [@R52]). There are some other explanations that can explain differences between horizontal and vertical spatial compatibility effects, for example different neural mechanisms (e.g.,[@R55]; [@R56]) or differences in spatial coding (e.g., [@R43]; [@R44]). However, as our results cannot contribute to decide between those explanations, we refrain from discussing them further.

Furthermore, experiments with horizontal versus vertical materials often include a difference in the necessity of switching between planes. Most often (also in our study), the response has to be given in the axial plane whereas stimuli are presented in the frontal plane. With horizontal materials, no switch is needed between the perceptual and motor plane. In contrast, with vertical materials, one has to mentally rotate the plane before responding. Possibly, this incongruence or increased effort might explain the generally reduced compatibility effects with vertical stimuli in the short SOA in our experiments (see also [@R25], using static materials and left or right responses to up or down targets). Future studies using motion primes could orthogonally manipulate whether subjects have to switch the planes or not and the orientation of the materials to investigate the impact of the necessity to switch between planes.

The observed PCEs can be explained by common theories on compatibility effects, such as the action-trigger theory (e.g., [@R23]; [@R27]; (motor) pre-activations caused by the prime lead to response advantages when a compatible target has to be classified, and there are motor conflicts generated by motor activations from the prime as well as the target, resulting in slower responses in case of incompatible targets. As we did not find any NCEs, we will not discuss our results against the background of theories on NCEs. Instead, in the following section, we discuss our results with respect to attentional mechanisms.

Largest PCEs observed at the shortest SOA (i.e., 150/160 ms) are also in agreement with the pattern of results typically observed in the Posner cueing paradigm. At CTOAs shorter than 200 ms, faster behavioural responses to previously attended locations have been found regardless of response modality, that is, manual or saccadic response to the target ([@R8]; [@R26]). Our results showed similar behavioural facilitation effects (i.e., PCEs) at short SOAs. Although the time course of the PCEs observed across our experiments is not identical to that of cueing and IOR, the decline of early PCEs as SOA increases can also be seen in the behavioural cueing studies (e.g., [@R26]).

The typical pattern of positive or facilitatory cueing effects with CTOAs shorter than 200 ms and inhibitory or negative cueing effects (i.e., IOR) with CTOAs above 200 ms is usually found with cues presented at one of the target locations (e.g., left or right from the central fixation). The finding of positive cueing effects with short CTOAs has been interpreted as evidence for reflexive and automatic attentional shifts. Despite the fact that centrally presented arrow cues in the Posner cueing paradigm have been found to direct attention involuntarily ([@R19]; [@R42]), no study has demonstrated a similar cueing effect at CTOAs shorter than about 200 ms. On the other hand, Friesen and Kingstone ([@R14]) found positive cueing effects with CTOAs as early as 105 ms following the onset of an eye gaze cue (i.e., a schematic line drawing of a face with pupils looking leftwards or rightwards).

Although the findings from Friesen and Kingstone ([@R14]) seem to suggest that such eye gaze cues could produce reflexive shifts of attention even if arrow cues do not, later studies have found that the early positive cueing effects were only observable when the cue and target stimuli remained on the screen together until the behavioural response has been made (e.g., [@R15]; [@R16]). In the study by Green et al. ([@R15]), early positive cueing effects were found at short CTOAs of 0 ms and 100 ms regardless of cue type (i.e., eye gaze and arrow cues) when the cue was presented together with the target until a response was given. However, when the cue duration was only 50 ms, no significant cueing effect was found across all SOAs of 0 ms, 100 ms, 300 ms, and 500 ms. These findings suggest that the early cueing effects were not caused by rapid reflexive shifts of attention to primed locations but by slower processes, probably causing slowed responses to uncued targets in the case of incongruent spatial information.

In the present study, we found PCEs at SOA as short as 150 ms across all samples, even when the duration of motion primes was only 133.33 ms. The spatial-conflict account (e.g., [@R15]; [@R16]), therefore, cannot be used to explain our findings as there was no temporal overlap between the cue and target stimuli, suggesting either that motion primes can trigger reflexive shifts of spatial attention better than eye gaze and arrow cues or that the compatibility effects from response priming (even with motion primes) are independent of attentional shifts (see also [@R3]).

**Conclusions**

Taken together, the present findings from response priming experiments using horizontally versus vertically oriented materials and motion primes in samples from three different countries with more or less experience with the vertical direction in daily life suggest that the horizontal direction is more pronounced in early processing, and the vertical direction has more impact with increasing processing time, irrespective of experience and daily training with the vertical direction. This finding seems independent of reflexive attentional shifts towards spatial locations. In contrast, motor pre-activations--that are initialized faster or slower by horizontal versus vertical motions, respectively--are plausible candidates for the pattern we found. With longer SOAs, either a counter-regulation or a simple decay of those pre-activations ([@R5]) could explain the reduced compatibility effects. The rebound with awakened PCEs at longest SOAs might be due to strategical and voluntary processes by the subjects. However, the interplay of attentional mechanisms, response-based processes, as well as voluntary strategies with horizontal versus vertical motions should be investigated further in future studies.
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